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Three-dimensional phase field simulations
We first describe the theory employed in our simulation model before delving into the details of the simulation algorithm.
Theory. In our phase field model, four conserved order parameters, 1 In all other simulations, the polycrystalline nature of the metal film was not considered for simplicity. The coarse-grained Ginzburg-Landau free energy of the multiphase system, including bulk free energy, surface energies, interfacial energy and grain boundary energy (considered only in Figure 3 ), was modeled using the following free-energy function: 
where A and B are the system constants, g  and g  are the bulk free energy of phases and grains, respectively. grad f is the gradient free energy. The third term in Equation (S1) serves as a pinning effect to the motion of grain boundaries, and is only considered in the simulations shown in Figure 3 . Expressions of g  , g  and grad f are given below:
where ij  are constants related to the height of double-well potential, ij k  and k  are the gradient energy coefficients for the phases and grains, respectively. According to the free energy terms given above, the surface/interface energy density can be expressed as:
and grain boundary energy density can be expressed as:
To simplify the evolution equation, we assume that the phase field 3  and 4  describing the evolution of Si substrate and HSQ nanopilllars are static, i.e., they do not evolve with time. Since
, we choose 2  as an independent phase field and its evolution follows the CahnHilliard equation 1 :
and the kinetic evolution of grains is modeled by another non-conserved equation:
where, M and L are the mobilities.
Numerical algorithm. Equation (S7) and (S8) are solved in their non-dimensional forms:
where
. Here, and are the length scale and 
Simulation parameters. We list in Table S2 
Gradient energy coefficients Value
Free energy constants Simulation setup. Before executing the main routine of the phase field simulations, we first generate the SiO x substrate, the HSQ nanopillars and the as-deposited metal film according to the given geometry parameters including: the period of the nanopillar array, p , the diameter of pillars, d , the height of pillars, h , and the thickness of metal film, t . It should be noted that the geometry generated here is not smooth but in a discrete manner with grid size x  , so that we have non-dimensional parameters of:
where the  means rounding of the corresponding values.
In comparison with our experiments, we find that the non-dimensional time is:
. We impose an initial perturbation of one grid to the surface of metal film to 6 consider the effect of surface roughness on the dewetting process. After the generation of initial geometry, the phase field routine will then be executed based on the model and parameters described above. As mentioned before, although our model incorporates the grain structure evolution, most of our simulations are still executed with single crystal condition in order to accelerate the calculation speed.
Analytical derivations
Critical periodicity of the Cassie-Baxter (CB) state. For simplicity, we assume that for the nanoaperture phase, the metal surface is flat and its thickness is the same as the height of the nanopillars, and for CB state 3 , both the top and the bottom surfaces/interfaces are flat.
Representing the diameter of the nanopillars as d , the height as h and the periodicity as p . We can obtain the surface/interface energy per unit area for the nanoaperture phase as:
and the surface/interface energy per unit area for CB phase as:
where, 
When the periodicity p is smaller than a critical value, the energy of nanoaperture phase will be higher than the CB phase. The critical periodicity can be derived by using apt CB
EE  and
Equations of S18, S19 and S20 as:
Critical (metal thickness -pillar height) difference that results in the Wenzel state. Besides
Cassie-Baxter state, in order to obtain nanoaperture arrays with high yield, we also need to avoid the formation of Wenzel states, 4 which are wetting states where metal films form conformally over and between nanopillars. In our fabrication technique, the formation of Wenzel states can be caused by the over-deposition of metal materials (see Figure S3 for experimental observation of increasing thickness of the metal film relative to the height of the nanopillars). Thus, the thickness of the metal film with respect to the height of the nanopillars is an important parameter. The critical value of the difference between the metal film thickness and height of the nanopillars when the Wenzel state occurs, cri h  , can be defined by a simple energetic analysis.
For simplicity, we assume that the nanoapertures maintain their cylindrical shape even when the metal thickness exceeds the nanopillar height. When the difference of film thickness and pillars' height exceeds a critical value, the nanoapertures will tend to close and the Wenzel state will appear.
The surface/interface energy per unit area for the nanoaperture phase is: (1 ) 44
Using Figure S8 . In addition, this suggests an additional mechanism that contributes to the lower periodicity limit for our method: As the metal caps dewet into the surrounding metal film, the film thickness increases. At small periodicities, the film thickness can increase significantly, promoting local Wenzel states and thus the failure to obtain nanoapertures at small periodicities. A simple calculation shows that at pillar height (and thus metal thickness) of 30 nm, and when the periodicity is smaller than 25 nm, the height increase induced by dewetting of metal caps will exceed 5 nm. Thus, when p < 25 nm, a pure Wenzel state will form at early stage and will then gradually transform to a pure CB state. When 25 nm < p < 50 nm, localized Wenzel states and CB states will appear, depending on initial configuration and annealing time. This is again in line with our experimental observations and our simulation results ( Figure S2B ). Figure S1 | Comparison between nanoaperture and initial nanopillar diameters. Histogram showing full width at half maximum diameter distribution of a typical array of nanoapertures obtained versus that of a typical array of HSQ nanopillars. The mean diameter of the nanoapertures was 10 nm and that of the nanopillars was 8 nm. Some nanopillars may collapse during development and subsequent handling. These were represented by the 0 nm bin. As can be seen, the number of missing apertures is on the order of that of the fallen nanopillars. Thus, the missing nanoapertures may be partly attributed to the imperfect nanopillar template. These reported measurements are conservative and may show a larger variation than the actual dimensions because the varying gold crystal orientations result in different local signal levels on the SEM micrograph, potentially skewing diameter measurements. This analysis was performed with a custom routine using MATLAB (Mathworks, USA). Simulation results with longer film evolution time suggest that nanoapertures can be obtained with longer thermal treatments. However, it is also apparent here that edge retraction can occur with further thermal treatment in some template configurations. Thus, thermal treatment time is an important parameter to optimize. Simulation results were obtained for the entire parameter space, and displayed here over an area of 400 nm by 400 nm. Green squares indicate experimental parameters with which nanoaperture arrays were achieved. Red dots indicate parameters with which dewetting fails to produce aperture arrays. Nanoapertures failed to form experimentally when p < 100 nm, whereas simulations predict successful fabrication of nanoapertures as long as p ≥ 50 nm. As discussed before for the case where h = 30 nm, due to atomic diffusion during metal deposition, the gold caps are larger than the diameters of the pillars and become adjoined with neighboring pillars. Because the deposited metal film is thicker here (h = 60 nm) than the set shown in the figure 5 in main text (h = 30 nm), the gold caps are comparatively larger, resulting in adjoining gold caps even for p = 50 nm ( Figure S5 ). This suggests the importance of the initial configuration of the deposited gold film before thermal treatment. Simulation results indicate that dewetting should reveal aperture arrays. However, experimentally, nanoapertures were not successfully obtained as shown in (C). We note that unlike in the simulation where the gold caps were discrete, the gold caps on top of neighboring nanopillars were initially joined due to diffusion during deposition. Scale bar (A-C): 100 nm. Δh is defined as the difference between the height of the nanopillars, h, and the thickness of the deposited metal, t, i.e. Δh = t -h. Scale bar: 100 nm.
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